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A TRANSONIC INVESTIGCITION OF EXFECCS OF SRKEUBMEXGED- 

STORE CAVITIES AmD OF SLorcs ON TEE ZERO-LIFI' DRAG OF 

A BODY OF REVOLUTION 

By George E. Holdaway, Minor R. Wallace, Jr . , 
and Elaine W. Hatfield 

I 

A systematic  study of various  sized cavities and slots in bodies of 
revolution was conducted over  a Mach number range of 0.80 to 1.20 and a t  
a Reynolds nuniber of about 36,OOO,OOO based on the body length. The 
resultant body cross-sectional area dht r ibu t ions  were i n  each case the 
same as that for a Sears-Eaack body. The zera- l i f t  drag characterist ics 
due to f r ic t ion ,  separated flow, ana compression waves were analyzed, 

The results of this investigation indicated that cavities w i t h  fine- 
ness  ratios of 8 o r  greater can be  used to control the body area distri- 
bution  without  introducing  unpredicted changes o r  pena l t ies   in  wave drag; 
however, cavit ies in general tend t o  produce separated flow w i t h  an accom- 
panying increase Fn drag at all Mach nuuibers. Symmetrical slot arrange- 
ments with gradual changes i n  depth can be  used t o  control the  area distri-  
bution  of  bodies  without  penalties i n  wave drag and very little drag 
result ing from separated flow, but  generally w i t h  a predictable penal-ty 
in  f r i c t ion  &ag. For the reference  bodies of revolution,  linearized 
theory generally  overestimated the wave drag at t rmsonic  speeds. 

The problem of c&rryi@ external stores on airplanes with the  least 
drag penalty i s  one which conthual ly  challenges the d e s i a e r .  One method 
of coping with the problem i s  to u t i l i z e  semisubmerged stores in fuselage 
cavities  or rockets Ln fuselage slots. W i t h  the   s tores  i n  place, the 

drag a t  a specified Mach nuniber i n  accordance with the concepts of ref- 
erence 1, 2, or 3. With the stores remved the locallzed  indentations 

yr airplane can be designed t o  have a smooth area distribution w i t h  low wave 

I or avities lnight be u t i l i zed   to   ob ta in  law wave d.rag at a second design 
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Mach ntnnber.  However some of these; qayities may have drag pendt iee ,  
result ing from separated flow o r  increased  surface area, which could 
counter aay improvements i n  Wave drag. Such v l s c o u s - d r a g  penalties have 
been evident i n  the exrjerimental resul ts  of prlor  investigations of 
cavities reported in references 4, 3, and 6 .  

The investigation  reported  herein was planned to   i l l u s t r a t e   t he  rag- 
nitude of the different drag components associated  with various localized 
indentations and t o  indicate  the type and s ize  of loca l ized   inda ta t iom 
for which the  wave-drag theory is  applicable Eand f o r  Vhich there are no 
large  penalties  in  viscous  drag. The bodies i n  each case were designed 
t o  have the same theoretical  wave drag a t  a Mach number of 1 (i .e., the  
same basic  area  distribution)  but  different  indentations,  thus any experi- 
m e n t a l  va r i a t ion   i n  wave drag from tha t  of the  basic body w o u l d  be aa 
indica-bion of a vlolation o r  limitat1011 of the concepts  involved. 

A syetematic  study w a s  made i n  the  Ames l b f o o t  transonic wind tunnel 
of t he  two general classes of localized  indentations mentioned previously: 
single-store  cavities and s lo ts .  One cavity wa6 used per body, and a l l  
t he  cavities had the sane length but had variations Fn fin&ess r a t i o  of 
4 t o  9. The slots had the same length as the cavities, asd the nuniber 
per body varied from 1 to. 32. 

Force data, schlieren photogrrtphs, and base  pressures were obtained 
a t  zero lift over a Mach nuniber range of 0.80 t o  1.20 at a Reynolds n&er 
of approximately 36,000,000 based on the body length. 
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smoLs 

radius of cavity 

distance from body center   l ine  to   s tore   center   l ine 

z e m - l i f t  drag coefficient 

experimental  drag-rise  coefficient above subsonic. l e v e l   a t  
M = 0.80 

s l o t  side depth 

slot   center depth re la t ive   to   bow  rad tus  

fineness r a t i o  

fuselage length 

free-stream Mach number - 
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rimer of terms o r  harmonics used i n  the  Fourier  sine  series 

local radlus of body 

m a x i m L L m  radius of body 1 

b o w  cross-sectioml area normal t o  x axis 

slot width 

Cartesian coordinates as  conventional body axes 

The basic body (body 1) used for  this investigation was a  Sears-Ea&ck 
type (minFrmzm-wave-drag body f o r  prescribed volume and length) with a 
closed-body fineness  ratio of 12.5. All models tested,  except body 8, 
had the same cross-sectional  area  distribution (equal  theoret ical  wave 
drag f o r  M = 1.00) as t ha t  for  the  basic  body. Body 8, w h i c h  was another 
reference body for the   t es t s ,  had an area distribution  essentially  equal 
t o  that  of body 1 plus the addition of a fineness  -ratio& semisubmerged 
store.  The area  distributions  for bodies 1 and 8 are presented i n  fig- 
ure 1. The equation f o r  b o w  1 and regresentative  sketches of the  bodies 
with ei ther  8 cavity or  slots are  presested in f igure 2. The  volume 
removed by the cavl ty   in  each Case was added around the remafnder  of the 
body so as to maintain the same cross-sectional  area  distribution as t ha t  
f o r  body 1. For the   s lo t ted  bodies the external  contour of body 8 was 
maintained and the volume  removed by  the  slots was such tha i   t he  same area 
dis t r ibut ion  as  that of body l w a s  again  maintained. The bodies were cut 
off a t  the base t o  pennit mounting the mdels -on a st-, w h i c h  resulted 
i n  a r a t i o  of base  diameter t o  s t i n g  diameter of 1.m. All of the -vi- 
t i e s  and slots were 20 inches i n  length o r  about one quarter of the  actual 
body length. A brief  description of the  14 primary bodies i s  given in 
the folluwing  table. 
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1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
1-3 
14 

a 

Basic body - Sears-Haack, f = 12.9, ro = 3.5 inches 
f = 4 s tore  cavity, volume = body 1 
f = 5 store  cavity, voLume = body 1 
f = 6 store  cavity, volume = body 1 
f = 7 store  cavity, volume = body 1 
f = 8 store  cavity, volume = body 1 
f = 9 store  cavity, volume = body 1 
Body 4 without cavity, volume # body 1 
Body 8 with 32 slota,  0.1 in.  wide volume = body 1 
Body 8 w i t h  16 s lo ts ,  0.2 in .  wide volume = body 1 
Body 8 w i t h  8 slots , 0.4 in. wide  volume = body 1 
Body 8 with 4 s lo ts ,  0.8 in. wide volume = body 1 
Body 8 wtth 2 slots, 1.6 Fn. wide  volume = body 1 
Body 8 with 1 s lo t ,  1.6 in .  wide  volume = body 1 

The sFngle s l o t  of body 14  had a maximum depth which was about  twice as 
great as the corresponding  depths of the s lo t s   fo r  t he  other  slotted 
bodies. The lower  halves of the cen-fxal segments of bodles 2 through 7 
(with cavi t ies)   are  shown fn figure 3, and the lower halves of the cen t ra l  
segments of bodies 9 through 1 4  (with slots) a re  shown i n  figure 4. The 
effect  of asymmetrical slot  positioning on the drag characteristics was 
investigated by modify5ng body 13. The modification  placed the two s lo t s  
i n  an asymmetrical  arrangement with the  centers of the slots digplaced kg0, 
as shown i n  figure 5.  For body 13 the s lo t s  were displaced 180 . I 

The effect  of fairin@; the edges of a cavity on the aerodynamic charac- 
t e r i s t i c s  was investigated with body 2 w h i c h  had the  deepat   cavi ty;  Three 
modifications to   the  cavi ty  edges of body 2 were made from the 1/16-inch- 
edge lc~td iu~ common t o  a l l  the cavitiee.  Modification I wa6 a loo bevel 
a t  the front Eand a t   t h e  rear of the cavity, measured in  the streamwise 
direction, and 0.3 of an inch down from the apex of  the  cavity. Mdifi- 
cation 2 was a further smoothing of just the rearward eQes .of  the cavity 
as shown in figure 6 .  Modification 3, also sham i n  figure 6, was similar 
t o  modification 2 except  both the forward and rearward edges were smoothed. 
These modifications, t he  dfmensions of which are  tabulated in table I(c), 
had an insignif'icant  effect on the t o t a l  area distribution. 

c 

The bodies were tes ted   in   the  h e 6  14-foot  transonic wfnd tunnel which 
i s  of  the closed-return  type wi th  perforated walls in   the   t es t   sec t ion .  
A sketch of the high-speed regions  of this test f a c i l i t y  i s  presented in 
figure 7. The f lexible  w a l l s  ahead of the t e s t - sec t ion  are controlled 
t o  produce the convergent-divergent  nozzle form required t o  generate Mach 
numbers  up t o  1.20. 'phis tunnel is similar   to  the smaller, Amee 2- by 
2-foot  transonic wind tunnel w h i c h  i s  describea i n  reference 7. One 
exception, however, i s  that t he  14-foot  tunnel i s  not of the  variable- 
density type, but  operates a t  atmospheric  pressure. Models are m u t e d  
on a sting as shown in  figure 8, and the  forces  are measured as 'electrical  

" 
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outputs from a strain-gage  balance Located within the model. Figure 8 
also shows the fixed-transit ion  grit   (size 200) distributed over 1 inch 
of the  nose of body 1. Transition of the boundary layer was similarly 
fixed  for all the tests. 

Force data,, schlieren photographs, and base  pressures were obtained 
a t  zero lif't over a Mach nuItiber range of 0.80 t o  1.x) at  a  Reynola nuniber 
of about 36, ooO,oO0 based on the body length of 79.62 inches. The drag . 
coefficients  are based on the maximum cross-sectional area of body I, and 
were corrected  for  base  effects  by  adjusting  the  base  pressure6 t o  free- 
stream s t a t i c  pressure. The tunnel  blockage of body 8 w a s  0.16 percent 
and all the other bodies had a tunnel  blockage of 0.14 percent. 

Two par ts  of the  t o t a l  drag were estimated by theoret ical  computa- 
t ions.  Friction drag waB estimated from the charts of reference 8 and 
the wave drag was estimated from the harmonic analysis m e t h o d  of ref- 
erence 9 u s i n g  25 h a m n i c s .  No method w a s  hewn f o r  predicting  drag 
due t o  separated flow. 

The zero-Uft drag coefficients fo r  the  unfndented bodfea 1 and 8 
will be presented and discussed first, because body 1 represents  the 
minimum-drag goal of.  all the indented  bodies and body 8 represents  the 
upper wave-drag limit expected f o r  the slotted  bodies  neglecting changes 
i n   f r i c t i o n  drag. The next part of this section of the report w i l l  
present and discuss  the drag data for the b d e s  with single-store  cavities 
including the effect of smoothing the edges of the lowest fineness-ratio 
cavity, body 2. The l a s t  part w i l l  present and discuss the drag data fo r  
the  bodies with slots including  the  effects of an asymmetrical location 
of the  Slots.  

Unindented Bodi e8 

The zero-l i f t  drag coefficients  for  bodies 1 and 8 are  presented i n  
ffgure 9. These two bodies had similar computed friction-drag  coefficient6 
and experimental  base-drag  coefficients  (within the accuracy of the data).  
These base-drag coefficients  are also s s r  t o  the values  obtained w i t h  
a l l  the bodies. A t  subsonic speed6 without  separated flow, the pressure 
drag i s  theoret ical ly  zero, and thus the to ta l  drag should be jus t   f r i c t ion  
drag. Note that adding the negative base-drag correction t o  the data 
points results i n  subsonic drag coefficients which a re  c l o s e l y  estimated 
by  the computed friction-drag  coefflcients. These results  indicate that 
separated fluw did not  occur fo r  the two reference  unindented bodfes. 
The lotier half of figure 9 congmres the experimental  drag-rise  coefficients - 
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above the  subsonic  coefficients at M = 0.80 with computed  wave-drag 
coefficients  (corrected for friction-drag-coefficient variation  with Mach 
n h e r ) .  There i s  a wave-drag-coePficient difference between the two 
bodies which i s  almost  constant with Mach nuiber. It is  of i n t e re s t   t o  
note  that   at   transonic speeds linearized-theory  generally  overestimates 
the wave drag of the  unindented  bodies of revolution. This same effect 
was found i n  reference 10, but  occurred  primarily  for  bodies  with lower 
fineness  ratios. 

Bodiee With Cavities 

The experimental drag coeff ic ients   are   plot ted  in   f igure 10 a6 a 
function of Mach number for  all the  bodies with cavities.  The computed 
friction-drag  coefficients  for a l l  these  bodies were very  nearly  the same. 
As the  cavity  fineness  ratio i s  progressfvely  decreased,  there i s  an 
obvious large  increase-in  the i&ag coeff ic ients   a t  M = 0.80 which must 
be due t o  separated flow. The variation of the  drag  coefficients  with 
cavity  fineness  ratio can be flrrther demonstrated by selecting two repre- 
sentative Mach nunibers (M =-1.00 and 1.20) and plott ing  the data BB a 
function of fineness  ratio as shown in   f igure  ll. The drag data for  these 
bodies  with  cavities  are compared with body 1, because each body had the 
same cross-sectional  area  distribution  as body 1 and hence the same theo- 
r e t i ca l  wave drag a t  M = 1.00. The general  trends of the  drag  variation 
with  fineness  ratio are the  same a t  M = 1.20 as a t   t h e  design Mach number 
(M = 1.00). Only for  the  highest  fineness-ratio  cavity was the value of 
body 1 drag approached. Cavities of fineness  ratios of 6 or   l ese  not 
on ly  had greater  separation  drag  but also a  marked increase i n   t h e  wave 
drag above tha t  of body 1 as shown i n  figure 12. These lower fineness- . 

r a t io  cavities apparently  violate  the slenderne66 " t a t i o n  of the theory. 
There i s  also additional  evidence  that  the shock waves produced by the 
bump on the  bodies were not  eliminated  by the cavity and thus  the wave 
drag would be greater  than that for  the  basi.c .bOay. There-were no shock 
waves evident a t  supersonic  speeds i n   t h e  schlieren photographs of  the 
central  region of the basic body  (body 1). However, photographs  of body 
2 (f ig .  l3(a)) wtth  the  deepest  cavity  revealed  the  presence  of shocks 
on the upper surface of the body near  the edges of the bump. A t  super- 
sonic  speeds  shocks on the  cavity  side of the body  were nonexistent  or 
very weak. 

The separated flow resulting from the  cavit ies was observed  by  posi- 
tioning the h i f e   e Q e  of the  schlieren system to  accentuate  the boundary- 
layer f low a s  shown fo r  body 2 WLth modification 2 in   f igure  l3(b). The 
presence of separated flow or  a mixing region i a  clearly indicated  in  thlg 
picture and, since  the boundary-layer wake effectively changes the body 
shape,it i s  clear there would be an increase i n  wave drag as w e l l  as R 

separation drag. The reduction i n  the   s i ze   o f .  the wake with increased 
fineness  ratio i s  i l lus t ra ted  i n  the  schlieren photographs  of figure 14. 

I 
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The large  mounts of drag s t t r ibu ted  t o  separated flow f o r  the laver 
fineness-ratio cavities a r e   p a r t i d y  due t o  the abrupt change in contour 
a t   t h e  edges of the cavities.  Body 2 had the deepest CEbVfty and the  
largest  anount of separation drag, therefore this body w a s  selected t o  
evaluate the reduction i n  separation  drag that could be obtained by fair- 
ing the edges of the  cavity. The resul ts  of tests t o  determine the  effect  
of the three modifications t o  body 2 on the drag  coefficients are pre- 
sented i n  figure 15. Note that the drag coefficients were progressively 
reducedby smoothing the forward and rearward edges of the  cavity. The 
experimental r i s e  in  drag  coefficient with Mach nurdber for  all three 
modifications was essent ia l ly   the same. As mentioned in  the  description 
of the models, the modifications  had l i t t l e  effect  on the area  distribution 
of body 2, thus the  various  modifications would not a l t e r  the computed 
wave-drag coefficients. In keeping w i t h  the prior  discussion  in this 
paragraph,  note in   f i gu re  15 that the rise in drag coefficients with Mach 
number f o r  body 2 i a  greater than  the computed values. It should be 
pointed  out that fo r  Mach nunibers above 1.00 the computed wave-drag 
coefficients are greater f o r  body 2 than for  body 1. 

me experimenw  drag-coefficient results are   plot ted in figure 16 
a s  'a function of Mach nuniber for  the bodies with s lo ts .  For these  bodies 
the computed frfction-drag  coefficients are a direct  function of the mer 
of s lo t s  as well as the Mach md~er. The results f o r  M = 1.00 and 1.20 
are plot ted i n  figure 17 as a function of the rimer of s l o t s  t o  i l l u s t r a t e  
better the variation in  the drag coefficients with the nmiber of slots. 
Note that all the d o t t e d  bodies have the sme area  distribution a8 body 1 
and tha t  the drag f o r  body 8 is the zero-slot  reference  value shown in 
figure 17. The drag of the s lo t t ed  bodies was consistently greater than 
that f o r  body 1 and generally  greater  than that f o r  body 8. The drag 
increase of the body w i t h  two s lo ts ,   re la t ive  t o  body 1, ia   a t t r i bu ted  
t o  slight increases Fn f r i c t i o n  drag and i n  drag due t o  separated flow 
along the  sharp edges and corners of the elots .  The increase i n  drag w i t h  
t h e   i n c r a s e  i n  the rider of s l o t s  up t o  16 was d i rec t ly  co~r~srable t o  
the predicted increase in f r l c t ion  drag. For the body w i t h  32 s l o t s ,  the 
s l o t  width a t  the mid-length gosition was only about  twice the boundary- 
layer displacement  thickness. Thus, t h i s  body with 32 slots  evidently 
had less  ex-perhental   fr iction drag than t ha t  computed, as a resu l t  of 
the reduction of velocity of  t he  air i n   t h e   s l o t s .  

The greater  drag  for the body w i t h  one slot when campared with the 
trend of the  drag wfth the  nmiber of s lo t s  was at t r ibuted  pr imari ly   to  
the greater depth  (about  twlce) of t h i s  slot. This greater depth, o r  ra te  
of change in depth w i t h  length, w a s  thought t o  result in  separated  or  
mixed flow comparable t o  that of the mdels a t h  the low-fineness-ratio 
cavities. This supposition vas partially confirmed by the additional test 
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of body 13 w i t h  two slots  located asymmetrically i n  one quidrant of the 
cram section. The drag coefficients from this t e s t  are plotted i n  f ig-  
ure 18 with data for the  bodies with one s l o t  (body 1 4 )  and with two aym- - 
metrically locaOed s lo t s  (body 1 3 ) .  A t  subsonic Mach numbers the increased 
drag due t o  flow separation, of the body xi th  one deep s lo t ,  i s  not  present 
for the comparably asymmetrical two-slot body. A t  supersonLc Mach nunibere 
changing the two-slot body from a symmetrical t o  an asymmetrical 
arrangement dfd result in a sllght penalty in drag-rise  coefficient. 

All the  symmetrically slotted  bodies were effective in removing the 
wave-drag increment  caused by the bump of b o w  8. AB sham i n  figure 19 
a l l  the s lot ted bodfes,  except for   the body ~ 5 t h  one slot, had drag-rise 
coefficients equal t o   o r   l e s s  than tha t   for  body 1. 

The results of t h i s  transonic  investigation of  bodies with cavitiee 
and slota indicate  the  following: 

1. Cavities with fineness ra t ios  of 8 or greater can be used t o  
control the body area  distribution  without  introducing  unpredicted change8 
or   pena l t ies   in  wave drag; however, cavlties , i n  general,  tend t o  produce 
a drag  increase  resulting from separated  or mixed flow. 

2. Symmetrical s l o t  arrangements with gradual changes in depth can 
be used t o  control  the area distribution of  bodies  without  penalties 
result ing from increased wave drag and very little drag result ing from 
separated flow, but with a penalty in frfction  drag w h i c h  appears t o  be . 
predictable. 

3 .  Slots with a large  ra te  of change Fn depth with length and 
cavities with low fineness  ratio tend to  increase t h e  separation  drag. 

4. For the reference bodies of revolution,  lhearized  theory 
generally  overestimated the wave drag a t  transonic speeds. 

Ames Aeronautical  Laboratory 
National Advisory Committee for Aeroaautics 

Moffett  Field, Callf., Aug. 19, 1957 
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3.586 
3.603 
3 -605 
3..603 
3.586 
3.551 
3.500 
3.. 47l 
3 - 43s 
3.406 
3.374 
3.368 

0 
.095 
,159 
.374 - 538 
.670 

' ,781 
,948 

1.053 
1.105 
1.1I.l 
1.105 
1.053 
,948 
* 781 

1 .670 
.538 
.374 
.159 
.095 

0 

mns a are cavl ty radii with centers 3.361 inches from body center Une. A l l  
J 

1. I 

. . .  . . .  . . . .  
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TABLE I. - COORDIXATES OF BODIES - Concluded ' 
(c) Vertical ordinates, z, fo r  modifications 2 and 3 t o  body 2 

bdifi-  
:ation 3 

.f 

T 
MOdl f l . .  
cation 2 

1 

stzatiol 

30.63 
32.38 
33 75 
33 94 
34 13 
35.00 
35 = 88 
36 -75 
37.63 
39 38 
41.13 
42.80 
43 75 
44.62. 
46.37 
48.12 
49 = 87 
50 75 
51.62 
52.50 
53 37 
53.56 
53.75 
55-12 
56 -87 

"L 
3 275 
3 .g8  
3 034 
2.981 
2.9l-8 
2 552 
2.l-87 
1.886 
1.633 
1.254 
1.017 

e 9 0 2  
800 

.go2 
1.017 
1.254 
1.633 
1.886 
2.l87 

3.130 
3.206 
3 -169 
3 149 
3.126 
2 927 
2.548 
2 .U5 
1.884 
1.449 
1.190 
1.066 
1 053 
1 . 6 6  
1.190 
1.449 
1.884 
2.385 
2.548 

2-552 2*927 
2 . 9 s  3.126 I 

2 752 
2.823 
2.870 
2.881 
2.914 
2 993 
3 -0% 
3 * 039 
3.881 
2 193 
1.702 
1.644 
1.623 
1.644 
1.702 
2 193 
3.881 
3.039 
3 -0% 
2 993 
2.914 
2.881 
2.870 
2.823 
2.752 

3/4 ro 

h 

iame as 
rrigina: 
body 2 

1 
All dimensions are in inches 
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Figure 3. - mer  halves of t h e  central segments of bodies 2 through 7, with cavities. A-22400.1 



Figure 4.- Lower halves of the central  segments of bodies 9 through 14, wtth slots. 
A-I'A458. I 
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1 
r .- "- Body 2,  modified 

(modification 3, both ends) 
(modification 2, reorword only with 10. bevel forword) 
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Figure 6. - V i e w  of section cuts  parallel to t he  xz plane of body 2 with and without beveled edges. 
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Figure 7. - Two views of the high-speed region of t h e  Amee 14-foot transonic wlnd tunnel. 
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Figure 8. - Basic Sears-Back body (body 1) mounted on t he  sting in the wind tunnel. 
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F1-e 10. - Experimental drag coefficients and computed frictim-drag 
coefficients f o r  the bodies w i t h  cavities. 
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Figure 1l.- Variation with cavity fineness r a t i o  of experimental drag 
coefficients and computed friction-drag  coefficients for Mach 
riders 1.00 and 1. X). 
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Figure 12. - Experimental d r a g - r i s e  coefficients. above the s u b s o ~ c  level 
for the bodies with cavities. 
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(a) Body 2, f = 4 cavity; knlfe edge vertical. 
- 

, . .: . 

L 

(b) Body 2, modj.flcatioxl 2; M f e  edge horizontal. 

Figure 13. - SchUeren photogmphs of, bdy 2 x5kh Che lmife edge ver t lcal  t o  accen%uate the  shock 
waves and with the k n l f e  edge horizontal  t o  accentuate %he boundmy-layer wake. 
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(a) Body 3, f = 5 cavity; knife edge horizontal. 
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(b ) BOW 6 ,  f = 8 cavity; 

Figure 14. - Representative  schlieren photographs 

M f e  edge horizontal. 

BhavLng the decrease in the bounaary-lager wake 
by increasing the  cavity fineness ra t io .  
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.8 .9 I .o 1.1 1.2 .e .9 t .o 1.1 I .2 
Moch number, M 

Figure 16. - Experimental drag coefficient and computed friction-drag 
coefficients f o r  the  bodies with slots. 
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Figure 17. - Variation wlth nuniber of slots of the qerimental drag coef- 
ficients and c a u p t e d  friction-- coefficients for Mach nmibers 1.00 
and 1.20. . a 
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Figure 18. - Drag coefficients for symmetrical and asymmetrical s l o t  
locations. 



.I6 

. I  2 

.08 

.04 

0 
.8 I -0 t.2 

Mach number, M 
- 

Figure 19. - Experimental drag-rLse coefficients above the subsonic level 
for bodies with slots. - 




